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PREFACE 

A p r i o r  r epor t  submitted i n  f u l f i l l m e n t  of t h i s  con t r ac t  (Fluid Balance 

i n  A r t i f i c i a l  Environments: I, Role of  Environmental Variables) repor ted  

on t h e  inf luence  of t he  environment on s k i n  i n s e n s i b l e  water l o s s  and the  

r e s u l t a n t  development of phys i ca l  s i g n s  and symptoms. The research  

reported i n  t h i s  paper now summarizes t h e  e f f e c t  of sfate of hydrat ion 

on s k i n  in sens ib l e  water l o s s .  Use of both of t hese  documents now 

provides a d e t a i l e d  ana lys i s  of t h e  i n t e r a c t i o n  of man and t h e  environ- 

ment as i t  relates t o  l o s s  of w 8 t e r  through the  sk in .  

The authors wish t o  express t h e i r  apprec ia t ion  t o  the many indiv idua ls  

i n  t h e  USAF School of Aerospace Medicine t h a t  cont r ibu ted  to  the conduct 

of t h i s  s tudy .  

Colonel Frank R. Lecocq, USAF (MC) f o r  h i s  h e l p f u l  comments i n  the design 

of t h e  experiment and t h e  review of the r e s u l t s ,  t o  Major W i l l i a m  3 .  Searss 

USAF (BSC) f o r  h i s  a s s i s t ance  i n  d a t a  reduction, and t o  Captain P h i l i p  G. 

I n  p a r t i c u l a r ,  w e  would l i k e  t o  express our thanks to  

Brown, USAF (BSC) f o r  h i s  a s s i s t a n c e  i n  e s t a b l i s h i n g  and con t ro l l i ng  t h e  

environmental va r i ab le s  i n  t h e  chamber. 

B, E.  WELCH, Ph.D. 
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I, INTRODUCTION 

I n  a previous series of experiments conducted i n  t h i s  labora tory  

the  r e l a t i o n s h i p  of sk in  in sens ib l e  water l o s s  (Ins) t o  environmental 

v a r i a b l e s  has  been thoroughly explored (l), The s i g n i f i c a n t  and 

reproducible  e f f e c t s  of ambient temperature (Tal, water vapor pressure  

(PH 0) t o t a l  barometr ic  pressure  (PB),  wind speed (VI, and atmospheric 

gas composition (G.C.) upon the  rate of water l o s s  from human sk in  under 

non-sweating condi t ions were documented. During these s t u d i e s ,  a l l  

experimental  s u b j e c t s  were kept i n  a s ta te  of normal hydrat ion with a 

f ixed  f l u i d  and sal t  in t ake  and a r i g i d  da i ly  program. It w a s  f e l t  t h a t  

phys io logica l  extremes were adequately con t ro l l ed  during these  s t u d i e s  

and t h a t  the  t r u e  e f f e c t  of phys ica l  changes i n  the  environment could 

be c l e a r l y  documented. 

2 

The present  series of s t u d i e s  were designed t o  vary the  physiologic  

s t a t u s  under constant  environmental condi t ions.  With c a r e f u l  con t ro l  of 

the phys ica l  p a r m e t e r s  of t he  environment, i . e . ,  Ta, P H ~ o ,  Pg, V, and 

G.C. 

mental sub jec t s  and document any s i g n i f i c a n t  changes i n  rates of s k i n  

in sens ib l e  water l o s s  t h a t  might be  r e l a t e d  to  these  phys io logica l  changes I) 

i t  would be poss ib le  t o  vary the  phys io logica l  state of 'the experi-  



11. S W i A R Y  

1. Changes i n  the  state of hydra t ion  of t he  human body can a l te r  rates 

of s k i n  in sens ib l e  water l o s s  by as much as 30% under condi t ions of 

t h i s  s tudy.  

2. Skin insensible water l o s s  rates a r e  a l t e r e d  s i g n i f i c a n t l y  i n  

condi t ions of both overhydration and upderhydration. 

3. A n t i d i u r e t i c  hormone (or  P i t r e s s i n )  does not  appgar t o  p lay  a d i r e c t  

r o l e  i n  these  a l t e r a t i o n s  of s k i n  in sens ib l e  w a t e r  l o s s  rates. 

Mechanical and phys ica l  forces  working i n  the  dehydrated o r  over- 

hydrated skin may be  d i r e c t l y  respons ib le  f o r  changes i n  i n s e n s i b l e  

water l o s s  rates. 

4. 

5 e Per iphe ra l  vasod i l a t a t ion ,  even though accompanied by s m a l l  changes 

i n  s k i n  temperature, does not  a l te r  rates of s k i n  in sens ib l e  water 

l o s s .  

There i s  no evidence t h a t  rates of sk in  in sens ib l e  water l o s s  can 

be  adapted o r  accl imat ized by environmental challenges.  

Overa l l ,  w i t h i n  the l i m i t s  of t h i s  s tudy,  t he re  i s  l i t t l e  or no evidence 

t h a t  s k i n  in sens ib l e  water l o s s  rates can be a c t i v e l y  and d i r e c t l y  altered 

6. 

7. 

by phys io logica l  changes o the r  than state of hydration. I f  phys io logica l  

changes are also assoc ia t ed  wi th  phys ica l  or  mechanical a l terat ions i n  

the  dermis-epidermis and i n  the  sk in-a i r  i n t e r f a c e ,  then modif icat ion of 

rates of IWLg may occur,  pass ive ly  and i n d i r e c t l y .  

2 



I11 e BACKGROUND INFORMATION 

The marked inf luqnce  of environmental va r i ab le s  upon rates of s k i n  

i n s e n s i b l e  wafer loss bas been w e l l  documented i n  t h e  l i t e r a t u r e  and has 

l e d  many i n v e s t i g a t o r s  to conclude t h a t  IWLs i s  con t ro l l ed  exc lus ive ly  

by environmental f a c t o r s  (2, 3, 6, S t  6 ,  7, 8 ) .  However, numerous s t u d i e s  

have a l s o  been undertaken t o  q u a n t i t a t e  any phygiological  e f f e e t s  on IWLs 

r e l a t e d  t o  changes i z i  body hydra t ion ,  sa l t  content,  a n t i d i u r e t i c  hormone 

l e v e l s ,  p e r i n h e r a l  c i r c u l a t i o n ,  and previoup adapta t ion  to  unusual environ- 

ments. 

da t a  although t h e  g r e a t  major i ty  have tended t d  show negat ive  results.  

Inves t iga t ions  af t h e  r e l a t i o n s h i p  of t he  state of hydrat ion t o  rates 

of s k i n  i n s e n s i b l e  water l o s s  da t e  back t o  2929 when Zak (9) proposed t h a t  

Many of t hese  s t u d i e s  have prod;ucFd inconclusive o r  c o n f l i c t i n g  

edematous p a t i e n t s  ili congestive h e a r t  f a i l u r e  a c t u a l l y  absorbed water 

through t h e i r  s k i n  from the a i r  around them, One of h i s  s t u d e n t s ,  

Neurath ( l o ) ,  followed up t h i s  l i n e  of i n v e s t i g a t i o n  and later published 

da ta  claiming a "negative i n s e n s i b l e  pe r sp i r a t lon"  i n  s e v e r a l  of h i s  

p a t i e n t s  S tudies  by many o the r  i n v e s t i g a t o r s  f a i l e d  t o  s u b s t a n t i a t e  

t he  claims of Zak and Neurath (11, 1 2 ,  13).  

I n  1931, however, Manchester, Husted, and McQuarrie performed 

s e v e r a l  s t u d i e s  i n  which they bel ieved t h a t  they had demonstrated 

a reduced rate of s k i n  water loss when body watep  content w a s  a l s o  

diminished (14). The following year  Levine and Wyatt (15) determined 

t h a t  s k i n  water loss i n  i n f a n t s  diminished g r e a t l y  (11%) after dehydration, 

3 



although a s i g n i f i c a n t  f a l l  i n  r e s p i r a t o r y  quo t i en t  could have accounted 

f o r  some of t h i s  apparent reduction. 

Johnson (16) and by Hall and McClure (17)  cont rad ic ted  t h i s  d a t a  and 

ind ica t ed  t h a t  reduction i n  body water by as much as 6% d id  no t  al ter 

rates of s k i n  i n s e n s i b l e  water l o s s .  Reduction i n  body water by more 

than 6%, however, d i d  r e s u l t  i n  a f a l l  i n  IWLs. 

Other s t u d i e s  by Newburgh and 

Studies  i n  overhydrated s u b j e c t s  weFe a l s o  conducted. Hall and 

McClure (17) forced s u b j e c t s  t o  rlngest as much as 3700 cc of water 

over a three-hour per iod  without  noting s i g n i f i c a n t  changes i n  Ins. 

A similar study performed on ch i ld ren  (18) a l s o  demonstrated no change 

i n  IWLs rates. 

s i g n i f i c a n t  salt ,  however, and t h e  e f f e c t .  of these  loads on plasma 

volume and body water expansion is not known. 

volume expansion were not examined. 

A l l  of these s u b j e c t s  were given water loads without  

Hypotonic and i s o t o n i c  

A p o s s i b l e  r o l e  f o r  c i r c u l a t i n g  hormones i n  t h e  r egu la t ion  of IWLs 

w a s  suggested by the  work of Barker-Jorgensen (19) and Ussing (20) who 

showed t h a t  p o s t e r i o r  p i t u i t a r y  e x t r a c t  ( P i t r e s s i n )  increased  the rate of 

water passage through frog skin.  Follow-up s t u d i e s  by P e i s s  (7) i nd ica t ed  

t h a t  p o s t e r i o r  p i t u i t a r y  e x t r a c t  might a l s o  a c t  fo increase  d i f f u s i v e  

water l o s s  through i s o l a t e d  dog s k i n ,  but q u a n t i t a t i v e  d a t a  has not been 

made a v a i l a b l e ,  and no human work has been fgrthcpming. 

The e f f e c t  of a l t e r a t i o n s  i n  the  p e r i p h e r a l  vascu la tu re  with 

v a r i a t i o n s  i n  pe r iphe ra l  blood flow has a l s o  been ex tens ive ly  inves t iga t ed ,  

4 



The r o l e  of blood flow is c lose ly  t i e d  to  s k i n  temperature s i n c e  the 

lat ter is l a r g e l y  dependent upon t h e  former. The rate of s k i n  i n s e n s i b l e  

water l o s s  has been observed t o  incregse  with r i s i n g  s k i n  temperature 

by numerous i n v e s t i g a t o r s  (3 ,  4, 7, 21>, so one might n a t u r a l l y  conclude 

t h a t  p e r i p h e r a l  blood flow changes would have a similar e f f e c t  on IWLs. 

This s i g n i f i c a n t  e f f e c t  of peripheral ,  blood flow upon I n s  rates has ,  

however, n o t  been confirmed. Hardy and S,oderstrom (22) found t h a t  vascu la r  

changes d id  not  al ter rates of s k i n  in sens ib l e  water l o s s  when s k i n  

temperatures were below 280 C.,' and Pinson (2) concluded t h a t  vascu la r  

changes had no e f f e c t  upon IWLs rates when s k i n  temperature d i d  not vary 

more than a few degrees.  Grice and Bet t ley  (23) appl ied  agents l o c a l l y  t o  

cause vasocons t r i c t ion  and v a s o d i l a t a t i o n  under s k i n  capsules.  They found 

no s i g n i f i c a n t  changes i n  s k i n  water l o s s  rates although s k i n  temperature 

changed as much as 1.50 C. when t h e  agents were applied.  

temperature w a s  diminished d r a s t i c a l l y  through t h e  use of a hypothermia 

appara tus ,  then IWLs rates f e l l  as much as 38%. Another study by B&er 

When s k i n  

and Kligman (24), a l s o  using t h e  capsule technique, supported t h e  con- 

c lus ion  t h a t  mild t o  moderate changes i n  pe r iphe ra l  blood flow had no 

s i g n i f i c a n t  e f f e c t  upon rates of s k i n  i n s e n s i b l e  water l o s s .  

A f i n a l  r o l e  f o r  phys io log ica l  a l t e r a t i o n s  of s k i n  water l o s s  rates 

concerns t h e  processes of adapta t ion  o r  acc l imat iza t ion .  

being an a c t i v e  phys io logica l  process 

with s i g n i f i c a n t  adjustments t o  changing environmental s i t u a t i o n s  e 

Thermal sweating, 

e x h i b i t s  remarkable a d a p t a b i l i t y  

5 



When a s u b j e c t  is placed i n  a very warm environment, over a per iod of 

t i m e  h e  acc l imat izes  t o  t h a t  environment by a l t e r i n g  h i s  sweat gland 

response. 

given environmental st imulus e 

He is gradual ly  a b l e  to  supply more sweat t o  h i s  s k i n  f o r  a 

Is there  such an acc l ima t i za t ion  with s k i n  

i n s e n s i b l e  water l o s s ?  Does exposure t o  one environment alter t h e  b a s i c  

response of t h e  sub jec t  t o  t h a t  environment or t o  another environment? 

There is very l i t t l e  da ta  i n  the  l i t e r a t u r e  t o  anqwer t h i s  ques t ion  one 

way o r  t h e  other ,  bu t  the f ind ing  of a d a p t a b i l i t y  o r  acc l ima t i za t ion  i n  

the  rate of s k i n  water l o s s  would hqve important impl ica t ions  as t o  its 

phys io logica l  cont ro l .  

The questions of phys io logica l  responsiveness of the IWLs mechanisms 

i n  terms of state of body hydra t ion ,  l e v e l  of a n t i d i u r e t i c  hormone, changes 

i n  pe r iphe ra l  c i r c u l a t i o n ,  and poss ib l e  acc l ima t i za t ion  w i l l  b e  explored 

i n  t h i s  paper. 

IV. METHODS 

A l l  experimental techniques were i d e n t i c a l  t o  those described i n  the  

previous study (1) e 

the  whole-body gravimet r ic  technique on a s e n s i t i v e  metabol ic  scale. 

Skin i n s e n s i b l e  water  l o s s  w a s  measured u t i l i z i n g  

Metabolic weight l o s s  and r e s p i r a t o r y  in sens ib l e  water l o s s  were a l s o  

measured so t h a t  s k i n  i n s e n s i b l e  water l o s s  rates could be  i s o l a t e d .  

S i x  volunteer  s u b j e c t s  were s e l e c t e d  from b a s i c  trainees at 

Lackland AFB, Texas, The s u b j e c t s ,  a l l  male Caucasians between the 
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ages of 18 and 21, were thoroughly’screened f o r  metabolic,  r e n a l ,  thyro id ,  

pulmonary, hematologic, o r  dermatologic abnormali t ies  (see t a b l e  I) 

During t h e  s t u d i e s  sub jec t s  wore Beta-cloth b r i e f s  and rubber sandals ,  

al lowing a m a x i m u m  body su r face  t o  be  f r e e  f o r  evaporation. Throughout 

the  s tudyp sub jec t s  were on a f ixed  d i e t  of rehydrated freeze-dr ied foods 

and measured amounts of l i qu id .  Careful records of a l l  i n t ake  and output  
J 

w e r e  kept.  For t h i s  s tudyp  sub jec t s  w e r e  housed i n  a l a r g e  environmental 

complex loca ted  a t  the  USAF School of Aerospace Medicine, Brooks AFB, Texas. 

The complex had an i n t e r i o r  volume of 5450 cubic  f e e t  and w a s  con t ro l l ed  

with r e spec t  t o  ambient temperature,  water vapor pressure ,  and wind speed. 

To ta l  barometric pressure  and gas composition r e f l e c t e d  t h e  ou t s ide  ambient 

condi t ions and va r i ed  over a very narrow range. The s tud ie s  w e r e  conducted 

from February through Apr i l  1970, with con t ro l  per iods and several experi-  

mental per iods  as ou t l ined  i n  t a b l e  11. 

During t h e  i n i t i a l  con t ro l  per iod  l a s t i n g  12 days,  sub jec t s  were 

exposed t o  s tandard environments of 240 C. wi th  w a t e r  vapor pressures  of 

6.5 and 14 mm. Hg. During the con t ro l  s tud ie s  a t  24O C. and 6.5 mm. Hg 

P H ~ o ,  t h e  sub jec t s  averaged 2300 cc of f l u i d  in t ake  and 200 meq of Na/24 h r s  

( t h i s  included ad l i b  water as w e l l  as the f r e e  water i n  food toge ther  wi th  

t h a t  ca l cu la t ed  t o  be formed by combustion of food),  These f l u i d  and sal t  

provis ions represented t h e  average load  t h a t  sub jec t s  inges ted  v o l u n t a r i l y  

during prel iminary s t u d i e s  under i d e n t i c a l  environmental condi t ions.  

The f i r s t  experimental  per iod ,  l a s t i n g  6 days,  w a s  designed t o  

study t h e  e f f e c t s  of body overhydration. I n  the  i n i t i a l  phase of 
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overhydration, s u b j e c t s  w e r e  forced t o  consume 2100 cc of hypotonic  

e lec t ro ly te -g lucose  s o l u t i o n  (Gatorade) during each 24-hour period. 

To ta l  f l u i d  intake amounted t o  4200 cc and sodium in t ake  t o  250 meq/24 

hours. 

faced wi th  t h e  forced f l u i d  load. 

in 150 cc doses a t  14  f i x e d  i n t e r v a l s  during each 247-hour per iod .  

The sub jec t s  eliminated v i r t u a l l y  a l l  ad l i b  water i n g e s t i o n  when 

Thq hypotonic s o l u t i o n  w a s  administered 

During t h e  f i n a l  phase of overhydration, sub jec t s  were given two 

sepa ra t e  1000 cc in fus ions  of s a l i n e  (0.45 gm. NaC1/100 ce f l u i d ) ;  each 

in fus ion  l a s t i n g  3 hours and spaced 1 2  hours a p a r t .  

of t h e  hypotonic-f luid feedings i n  t h e  amount of 2100 cc/24 h r s .  along 

with these I.V. i n fus ions  brought t o t a l  24-hour f l u i d  in t ake  t o  a mean 

of 6100 cc and t o t a l  24-hour Na i n t a k e  t o  410 meq. 

The cont inua t ion  

The second experimental pe r iod ,  l a s t i n g  8 days, w a s  designed t o  study 

t h e  e f f e c t s  of body dehydration upon rates of s k i n  i n s e n s i b l e  water l o s s .  

In t h e  f i r s t  phase, sub jec t s  were subjec ted  t o  hypertonic  dehydration f o r  

24 hours by being placed i n  a very h o t ,  dry environment where d i aphore t i c  

salt  and water l o s s e s  were high. During expopure t o  t h e  ho t  environment, 

f l u i d  i n t a k e  w a s  r e s t r i c t e d  t o  about 1550 cc/24 h r s .  In t he  second phase 

of t h i s  experimental period, s u b j e c t s  were dehydrated through adminis t ra t ioq  

of an o r a l  d i u r e t i c  agent (hydrochlorthiazide) bu t  were allowed t o  dr ink  

when t h i r s t y  . 
In t he  s t u d i e s  following d i aphore t i c  dehydration, sub jec t s  were 

r e s t r i c t e d  t o  t h e i r  b a s i c  d i e t a r y  f l u i d s  and sal t  with no ad l i b  drinking 

allowed. To ta l  f l u i d  in t ake  averaged 1550 cc/24 h r s .  and sodium i n t a k e  

8 



160 meq/24 h r s .  When undergoing d i u r e t i c  dehydration, sub jec t s  were 

allowed t o  dr ink  water ad l i b  t o  s a t i s f y  any t h i r s t  and consumed an 

average of 2600 cc/24 h r s . ;  sodium i n t a k e  w a s  f ixed  a t  200 meq/24 h r s .  

During t h e  4 days t h a t  s u b j e c t s  were being d iuresed ,  they were given a 

t o t a l  dose of 450 mg of hydrocholothiazide (Hydrodiuril). Dosage schedules 

cons is ted  of an i n i t i a l  loading dose of 100 mg me hour before  t h e  start  

of t h e  s tudy  followed by 50 mg every 1 2  hours t h e r e a f t e r ,  u n t i l  t h e  

termination of the study a 

The t h i r d  experimental per iod concerned t h e  e f f e c t s  of pe r iphe ra l  

v a s o d i l a t a t i o n  upon rates of s k i n  i n s e n s i b l e  water l o s s .  

v a s o d i l a t a t i o n  s t u d i e s ,  c6n t ro l  condi t ions  were r e i n s t i t u t e d  with a 

f l u i d  i n t a k e  of 2450 cc and sodium in t ake  of 200 meq/24 h r s .  

During the 

Vasodilata- 

t i o n  w a s  accomplished with t h e  o r a l  adminis t ra t ion  of t o l a z o l i n e  H C 1  

(Pr i sco l ine) .  Each sub jec t  w a s  given SO mg of t h e  drug two hours before  

a measurement of s k i n  in sens ib l e  water loss was t o  take  place.  A t o t a l  

of 200 mg of t o l azo l ine  was adminis tered t o  each sub jec t  over a s i n g l e  

24-hour period, Ac t iv i ty  of t h e  drug was denoted by t h e  onset of m i l d  

f l u sh ing ,  a sub jec t ive  f e e l i n g  of warmth, and a clear rise i n  t h e  average 

s k i n  temperature, 

The fou r th  experimental pe r iod  w a s  designed t o  study t h e  e f f e c t s  of 

a n t i d i u r e t i c  hormone upon rates of IWLs ( t a b l e  11). Subjects rece ived  

an o r a l  f l u i d  load (hypotonic s o l u t i o n )  i n  the  c o n t r o l  phase, and i n  the  

second phase subcutaneous i n j e c t i o n s  of P i t r e s s i n  (10 u n f t s  of p o s t e r i o r  

p i t u i t a r y  e x t r a c t )  were given along with the  f l u i d  load. The e f f e c t  of 
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t h e  p o s t e r i o r  p i t u i t a r y  e x t r a c t  i n  a s i t u a t i o n  where i t  is  normally 

phys io logica l ly  absent was  then observed. 

The f i f t h  and f i n a l  experimental period w a s  designed t o  study the  

poss ib l e  development of adapta t ion  o r  acc l ima t i za t ion  i n  the response 

of s k i n  i n s e n s i b l e  water l o s s  t o  environmental changes. Subjects were 

placed i n  a hot  dry environment (30.50 C . ,  6.5 mm. Hg PH ) €or  6 days 

during which t i m e  both s e n s i b l e  and i n s e n s i b l e  s k i n  water l o s s  r a t e s  
20 

were very high. Subjects were again allowed f r e e  access t o  water so  t h a t  

s i g n i f i c a n t  dehydration would not  t ake  place. The sub jec t s  consumed an 

average of 3100 cc/day during t h e  exposure t o  the hot, dry environment 

with a s tandard  200 meq of Na/24 h r s .  They were then t r a n s f e r r e d  t o  a 

normal o r  con t ro l  environment (240 C . ,  1 4  mm. Hg PH o) and the  rate of 

s k i n  i n s e n s i b l e  water loss  s tudied .  

ment they received 2600 cc f l u i d  and 200 meq Na/day. 

2 
When placed back i n  a normal environ- 

Throughout t he  var ious  s t u d i e s ,  c a r e f u l  monitoring of u r ina ry  volumes 

as w e l l  as ur inary  e l e c t r o l y t e s ,  c r e a t i n i n e ,  s p e c i f i c  g r a v i t y ,  and 

osmolarity w e r e  c a r r i e d  out .  Monitoring of serum e l e c t r o l y t e s ,  osmolarity,  

c r e a t i n i n e ,  and BUN as w e l l  as hematocrit ,  hemoglobin and white  counts 

w e r e  a l s o  accomplished. The sub jec t s  were weighed on a d a i l y  b a s i s  t o  

s u b s t a n t i a t e  any major f l u i d  s h i f t s .  

included deep body temperature, average skin temperature (a weighted 

average of seven s k i n  senso r s ) ,  h e a r t  r a t e ,  and r e s p i r a t o r y  rate. 

Other  phys io logica l  d a t a  recorded 

I n  order  t o  determine the component of weight l o s s  due t o  metabol ic  

gas exchange, mu l t ip l e  measurements of sub jec t  02 consumption and C02 
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productions under t h e  experimental  condi t ions w e r e  ca r r i ed  out ( t a b l e  111). 

These d a t a  were u t i l i z e d  t o  determine IWLG o r  t h a t  por t ion  of i n sens ib l e  

l o s s  due t o  t h e  excess weight of C02 expired over t h e  weight of 02 u t i l i z e d .  

The e f f e c t s  of each experimental  condi t ion upon rates of IWL 

i n i t i a l l y  analyzed by a comparison of differ 'ences  i n  paired-sample means 

between con t ro l  and experimental  condi t ion.  

of t h e  s u b j e c t s  were tabula ted  f o r  a series of experiments i n  which a l l  

environmental parameters except t h e  one being examined w e r e  i d e n t i c a l .  

P values  were der ived by looking a t  t h e  t-scores of t h e  average paired- 

Mean values  of IWLs €or  each 

sample d i f f e rence .  These va lues  are shown i n  f i g u r e  1. A l l  other pro- 

cedures and techniques were i d e n t i c a l  t o  those of t h e  previous s t u d i e s  (1). 

V. RESULTS 

The rates of s k i n  i n s e n s i b l e  water loss  f o r  each of t h e  6 volunteer  

s u b j e c t s  as w e l l  as t h e  group mean are shown i n  f i g u r e s  1 and 2. Corre- 

sponding changes i n  t h e  sub jec t  phys io logica l  measurements are shown i n  

f i g u r e  3 .  Addit ional  phys io logica l  d a t a  are tabula ted  i n  t a b l e  IV. 

I n  the  i n i t i a l  con t ro l  per iod a t  24' C . ,  6 . 5  mm. Hg PH 0 ( f i g .  1) 
2 

t h e  mean s k i n  in sens ib l e  water l o s s  ra te  f o r  t h e  6 s u b j e c t s  w a s  

8 .7  pe m e - 2  h r . - l  wi th  a range from 7 * 6  up t o  9 . 4  gm. mee2 'nr.-'. 

reported i n  the  previous s t u d i e s ,  t h e  experimental  sub jec t s  who tended t o  

show rates of s k i n  water l o s s  lower than t h e  mean were cons i s t en t ly  lower 

throughout t h e  experimental  p r o f i l e ,  while  those who l o s t  water more 

r ap id ly  than t h e  mean va lue  were cons i s t en t ly  on t h e  high s ide .  

As 
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Subjects  A and C genera l ly  maintained the  lowest va lues  throughout the  

series of experiments while  s u b j e c t s  D, E, and F genera l ly  maintained 

t h e  h ighes t  values .  

During t h i s  con t ro l  per iod,  phys io logica l  measurements were s t a b l e  

with a u r ine  S.G. averaging 1.018 and an osmolarity averaging 701 m O s m / l  

( f ig .  3). To ta l  f l u i d  in t ake  from a l l  sources  approximated, 2300 cc, 

while  t o t a l  s ens ib l e  output averaged approximately 1900 cc. Serum 

osmolar i ty  w a s  293 m O s m / l .  

K of 4.3 meq/l, and BUN of 18.0 mg%. 

Other mean serum values  were N a  of 140 meq/l, 

The oral-overhydration study r e s u l t e d  i n  s i g n i f i c a n t  changes i n  the 

rate of sk in  in sens ib l e  water loss as w e l l  as i n  the sub jec t  phys io logica l  

measurements. The average IWLs rate increased t o  10.25 gm. me-2  hr . - l ,  an 

18% inc rease  over  con t ro l  va lues ,  and the values  f o r  each sub jec t  increased  

by a similar amount, This change i n  water l o s s  ra te  w a s  s i g n i f i c a n t  t o  

t h e  0.001 level. Accompanying t h i s  change i n  s k i n  water l o s s  rate, s u b j e c t  

ur ine  S.G. dropped t o  1.009 while ur ine  osmolar i ty  decreased t o  432 m O s m / l .  

To ta l  mean f l u i d  in t ake  had been increased t o  about 4200 cc and u r ine  

output rose  t o  3280 cc/24 h r s .  

Other serum values  included N a  of 141  meq/l, K of 4.6 meq/l and BUN of 

14.2 mg%. The average weight of the  sub jec t  a l s o  increased during t h i s  

period of o r a l  overhydration. 

Serum osmolarity dropped t o  292 m O s m / l .  

During t h e  per iod of o r a l  and intravenous overhydration, s i g n i f i c a n t  

The average rate of skin insens ib l e  changes i n  IWLs rates a l s o  occurred, 

water l o s s  rose  f u r t h e r  t o  a value of 10.4 gm. m.-2 h r , " lg  represent ing  an 

1 2  



i nc rease  of 20% over the  con t ro l  values  of 8.7 gm. m S w 2  h r , - l e  

w a s  a l s o  s i g n i f i c a n t  t o  t h e  0.001 level. The range of values  f o r  the  

6 ind iv idua l  s u b j e c t s  a l s o  tended t o  increase ,  with sub jec t  C showing 

t h e  lowest water l o s s  rare of 8.7 gm. m.-2 h r e - l  compared wi th  h i s  con t ro l  

value of 7.6 gm. m.-2 h r e - l  and sub jec t  E showing the  h ighes t  r a t e  of 12.1 

This change 

gm. m.-2 hr.-1 compared with h i s  con t ro l  value of 9.3 gm. m.-2 h r* - l .  

Urine S.G. w a s  1.008 and u r ine  osmolarity diminished t o  334 m O s m / l .  

Serum osmolar i ty  averaged 295 m O s m / l .  

t o  6100 cc and t o t a l  s e n s i b l e  output  rose t o  4370 cc/24 hrs .  Other serum 

Tota l  f l u i d  in t ake  had increased 

changes included N a  of 141 meq/l, K of 4.4 meq/l, and BUN of 14.8 mg%. 

The e f f e c t s  of dehydration through f l u i d  r e s t r i c t i o n  and forced 

d iaphores i s  are shown i n  f i g u r e s  1 and 3 and t a b l e  IV, Again a very 

s i g n i f i c a n t  change i n  the  rate of s k i n  in sens ib l e  water l o s s  took p lace ,  

with a decrease i n  the  rate of 10% below the  con t ro l  value.  This  change 

w a s  s i g n i f i c a n t  t o  t h e  0.005 level. 

t o  7 ,8  gm, m.-2 hr.- l  when compared t o  t h e  con t ro l  value of 8.7 gm. me-2  hr . - I9  

the  IWLs value of sub jec t  C f e l l  t o  6.3 gm. m.-* hrO-' ( con t ro l ,  7.6) and 

the  value of sub jec t  E f e l l  t o  8.7 gm. m.-2 hr . - l  (cont ro l ,  9.3).  

While the average value of IWLs f e l l  

Phys io logica l  measurements a l s o  s h i f t e d  dramat ica l lys  wi th  u r ine  S.G. 

r i s i n g  t o  1 ,031 and u r ine  osmolar i ty  increas ing  t o  1240 m O s m / l .  

osmolarity rose  sharp ly  t o  310 m O s m / l .  

1550 cc, while  t o t a l  s e n s i b l e  output  f e l l  t o  923 cc/24 hrs .  

t o  22.4 mg% while  serum N a  ro se  t o  145 meq/l and K t o  4.6 meq/l, during 

the  f l u i d  depr iva t ion  

Serum 

To ta l  f l u i d  in t ake  averaged about 

Serum BUN rose  

13 



Following the recovery period during which base l ine  va lues  were 

reproduced, sub jec t s  were given a pharmacological d i u r e s i s  wi th  the 

adminis t ra t ion  of hydrochlorthiazide.  During t h i s  procedure the  rate of 

s k i n  in sens ib l e  water l o s s  showed no s i g n i f i c a n t  devia t ion  from c o n t r o l  

values with a mean of 8.7 gm. m.-2 hr.-' f o r  t he  6 sub jec t s .  

averaged 1.015 with an osmolarity of 657 m O s m / l .  

294 m O s m / l .  

day of d i u r e s i s .  

Subjects l o s t  an average of 1600 gm. of t o t a l  body weight during the  f i r s t  

day of d i u r e s i s ,  remaining e s s e n t i a l l y  a t  the new weight f o r  the remainder 

of t h i s  phase of t h e  study. BUN w a s  18 mg%, N a  145 m e q / l  and K 4.7 meq/l. 

Urine S.G. 

Serum osmolarity averaged 

To ta l  s e n s i b l e  output rose  t o  3540 c c / 2 4  h r s .  during the f i r s t  

F lu id  in t ake  averaged approximately 2600 cc/24 h r s .  

Urinary N a  ro se  i n i t i a l l y  t o  587 meq/24 h r s .  with a concentration of 

166 meq/l. 

I n  the  subsequent study of the e f f e c t s  of o r a l  overhydration, wi th  

and without  the adminis t ra t ion  of aqueous P i t r e s s i n ,  s i g n i f i c a n t  i nc reases  

i n  the rate of sk in  in sens ib l e  water l o s s  were again seen. 

f l u i d  load of 3700 cc/24 h r s . ,  IWLs rates increased  t o  9.5 gm. m.-2 hr."l 

without exogenous P i t r e s s i n  and 9 . 2  gm. mm2 hr.-1 with exogenous P i t r e s s i n .  

Both these  values were s i g n i f i c a n t  t o  t h e  0.01 l e v e l  when compared with 

With an oral 

con t ro l  values but  w e r e  not s i g n i f i c a n t l y  d i f f e r e n t  from each other.  

Urine S.G. averaged 1.009 without  P i t r e s s i n  and 1.014 wi th  P i t r e s s i n  

adminis t ra t ion .  

Serum osmolarity w a s  s t a b l e  a t  289 without P i t r e s s i n  and 286 m O s m / l  wi th  

P i t r e s s i n ,  With an o r a l  i n t a k e  of 3700 cc sub jec t s  without exogenous 

Urine osmola r i t i e s  were 403 and 595 m O s m / l  r e spec t ive ly .  
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P i t r e s s i n  had a 24 hour u r ine  output  of 3300 cc whi le  a f t e r  P i t r e s s i n  

adminis t ra t ion  t h i s  decreased t o  2400 cc. 

During the  vasod i l a t a t ion  s t u d i e s ,  no s i g n i f i c a n t  change i n  the  rate 

of s k i n  i n s e n s i b l e  water l o s s  w a s  observed. An average value of 8.6 

gm. m.-2 h r . - l  w a s  document f o r  t he  6 sub jec t s  ( f i g .  1) d e s p i t e  s i g n i f i c a n t  

changes i n  average sk in  temperature ( t a b l e  V ) .  

s k i n  temperature of 1.00 C., s i g n i f i c a n t  t o  the  0.005 level,  w a s  observed 

af ter  adminis t ra t ion  of o r a l  t o l azo l ine .  

sub jec t s  had a s k i n  temperature of 31.5O C.  before  to l azo l ine  and 32.5O C. 

a f t e r  adminis t ra t ion  of t o l azo l ine .  This r ise  i n  temperature occurred i n  

a l l  6 experimental  sub jec t s .  

A mean inc rease  i n  average 

A t  24O C . ,  6.5 mm. Hg PH 
2 

Urine and serum chemistr ies  during vasod i l a t ion  were comparable t o  the  

con t ro l  values  ( f ig .  3 and t a b l e  IV). No s i g n i f i c a n t  weight change was  

observed, and average t o t a l  f l u i d  in t ake  w a s  maintained a t  2450 cc/24 h r s .  

I n  the  f i n a l  s tudy where sub jec t s  were "acclimatized" t o  a ho t ,  

dry environment, changes i n  t h e  ra te  of sk in  in sens ib l e  water l o s s  took 

p l ace  as ambient condi t ions were var ied .  I n i t i a l  con t ro l  va lues  ( f ig .  2) 

at  24O C, Ta, 14 mm. Hg PH 0 r e s u l t e d  i n  an average IWLs of 7.4 gm. m e m 2  hr."l, 

When sub jec t s  w e r e  exposed t o  30.50 C . ,  6.5 mm. Hg PH 

water l o s s  rose  immediately, so  t h a t  during the  f i r s t  day of exposure a 

mean rate of 17.1 gm. me-2  h r m - l  w a s  recorded, 

not  only s k i n  water l o s s  by d i f fus ion  and mental  sweating, bu t  a l s o  a 

component of active thermal sweating. 

i n  these sub jec t s  when the  ambient temperature rose  above 2 9 O  C, 

2 
the  rate of s k i n  

2 

This high rate r ep resen t s  

Thermal sweating could b e  observed 
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The mean value !of 17 .1  gm. me-2  h r a - l  does not  include da ta  where thermal 

sweating w a s  obvious. 

During t h e  6 days of sub jec t  exposure t o  t h i s  high temperature,  low 

humidity environment, the  mean rate of s k i n  water l o s s  va r i ed  from a high 

of 17.1 gm. me-2  h r e - l  t o  a low of 14.7 gm. m.-2 h r O - l  and on the  las t  day w a s  

15.9 gm, me-2  h r e - l *  

of 24O C. Ta and 14 mm. Hg P t h e  ra te  of s k i n  water l o s s  immediately 

began t o  drop. A t  t he  f i r s t  measurements taken a f t e r  r e t u r n  t o  con t ro l  

environment t h e  rate of IWLs w a s  s l i g h t l y  h igher  than the  con t ro l  values  

(8.1 gin. m e - 2  hr . - le)e  Within 24 hours of re turn ing  t o  the  con t ro l  environ- 

ment, however, t h e  IWLs rate had re turned  t o  7.2 gm. m e - 2  h r e - l  and remained 

a t  t h i s  level ,  again showing no s i g n i f i c a n t  d i f f e rence  from pre-exposure 

con t ro l  values  

When s u b j e c t s  w e r e  re turned  t o  the  con t ro l  environment 

H20 

A s  can be  seen i n  t a b l e  I V ,  t he  phys io logica l  a l t e r a t i o n s  during the 

acc l imat iza t ion  exposure w e r e  s m a l l .  Urine S.G. rose during exposure 

reaching 1.019 on t h e  s i x t h  day of exposure when ur ine  osmolarity reached 

/ 

an average of 751 m O s m / l .  

day; Since sub jec t s  were allowed f r e e  access  t o  water during the exposure 

t o  the  h o t ,  dry environment, the  t o t a l  f l u i d  in t ake  rose  t o  over  3100 cc, 

bu t  f e l l  rap id ly  t o  2600 when sub jec t s  were re turned  t o  the  con t ro l  

environment, By the  end of t h e  recovery per iod ,  ur ine  and serum parameters 

were very c l o s e  t o  the  con t ro l  levels. 

Serum osmolar i ty  averaged 288 m O s m / l  on the  s i x t h  
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V I ,  DISCUSSION 

The r o l e  of phys io logica l  changes wi th in  a human s u b j e c t  i n  t h e  

determinat ion of rates of s k i n  in sens ib l e  water loss is s t i l l  unse t t l ed  

i n  t h e  l i t e r a t u r e .  Despi te  t he  f a c t  t h a t  several s t u d i e s  have attempted 

t o  de f ine  the r o l e  of f l u i d  balance and of t h e  pe r iphe ra l  vascula ture  i n  

t h i s  problem, c o n f l i c t i n g  f ind ings  have prevented arguments from being 

resolved. In  t h e  f l u i d  balance s t u d i e s ,  a major d i f f i c u l t y  has r e s t ed  

with t h e  type of hydrat ion o r  dehydration t o  which experimental sub jec t s  

are exposed. H a l l  and McClure (17) as w e l l  as Ginandes and Topper (18) 

adminis tered w a t e r  only t o  fo rce  overhydration on t h e i r  s u b j e c t s ,  and they 

found no change i n  rates of Ins. I n  order  t o  e f f e c t  a rap id  and 

s i g n i f i c a n t  volume expansion, one should g ive  an osmotically a c t i v e  f l u i d  

r a t h e r  than pure water. 

salt load (18) without  supplemental f l u i d s ,  an a c t u a l  decrease i n  t h e  

rate of s k i n  water l o s s  w a s  observed. 

were observed wi th  a s i g n i f i c a n t  i nc rease  i n  serum osmotic pressure .  

Indeed, when some s u b j e c t s  were given a heavy 

High va lues  of serum osmolarity 

I n  t h e  cu r ren t  s tudy,  w e  have attempted t o  increase s u b j e c t  hydrat ion 

by adminis t ra t ion  of l a r g e  amounts of hypotonic so lu t ion .  Thus, i n  t h e  

o r a l  overhydration program more than 250 meq of sodium as w e l l  as 4200 cc 

of f l u i d  were administered over a 24 hour period. With I . V .  as w e l l  as o r a l  

feeding, more than 410 meq of sodium wi th  6100 cc of f l u i d  were adminis tered 

i n  a 24 hour period. During t h i s  f l u i d  load, the rate of s k i n  i n s e n s i b l e  

water l o s s  c l e a r l y  increased  s i g n i f i c a n t l y  so t h a t  m a x i m u m  va lues  w e r e  
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20% higher  than c o n t r o l  va lues .  This  increase  occurred i n  a l l  6 

s u b j e c t s  and w a s  q u a n t i t a t i v e l y  similar i n  a l l  sub jec t s .  When exposed 

t o  a very l a r g e  hypmonic f l u i d  load ,  the  human body is  d e f i n i t e l y  a b l e  

ease the rate s e n s i b l e  water l o s s .  

In  previous s t u d i e s  on t h e  e f f e c t  of dehydration o r  diminished 

f l u i d  reserves on IWLs rates, the  t e of dehydration ha  a l s o  var ied.  

s u b j e c t s  of Newb and Johnston (16) were dehydrated approximately 6% 

f t o t a l  body weight by the  withholding of water and the  feeding of 10 gms. 

NaCl/day. 

i s o t o n i c a l l y  or  hyper tonica l ly  dehydrated. With the  adminis t ra t ion  of 

s i g n i f i c a n t  q u a n t i t i e s  of N a C l  wi thout  water, one would suspec t  t h a t  

s i g n i f i c a n t  hypertonic  dehydration would occur'. I n  the cur ren t  s tudy 

It is not  clear from t h i s  approach whether t h e  s u b j e c t s  were 

dehydration w a s  undertaken i n  two ways. 

Subjects  were forced t o  lo se  water and s a l t  through s i g n i f i c a n t  

d iaphores i s ,  and i n  t h i s  procedure an excess of f l u i d  over  salt  w a s  wasted. 

Af te r  dehydration, t h e  sub jec t s ,  t he re fo re ,  tended towards hyper tonic i ty .  

The r e s t r i c t i o n  of d i e t a r y  f l u i d s  f u r t h e r  compounded t h i s  type of dehydration. 

The values  of 310.5 m O s m / l  serum osmolarity is cons i s t en t  with the  state of 

hypertonic  dehydration i n  these  sub jec t s .  I n  add i t ion ,  the BUN rise t o  

22.4 and the  change i n  serum c r e a t i n i n e  t o  1.27 (up from 1.05 mg% i n  controll) 

a l l  r e f l e c t  a reduced in t r avascu la r  volume and hemoconcentration. The 

average sub jec t  weight loss  of 1900 gms. during the  forced dehydration w a s  

l a rge ly  water and represented an approximate 4% l o s s  of body f l u i d s ,  With 

u r ine  output  f a l l i n g  t o  923 cc/24-hrs and u r ine  osmolarity r i s i n g  above 
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1240 mOsm/ l ,  a maximum e f f o r t  t o  conserve f l u i d  was being made by t h e  

r e n a l  sys  t em. 

During th i s  forced hyper tonic  dehydration the  rate of s k i n  i n s e n s i b l e  

water loss f e l l  s i g n i f i c a n t l y  by more than 10% i n  a l l  sub jec t s .  It 

re turned  t o  normal levels as soon as sub jec t s  were rehydrated and blood 

chemistr ies  approached normal. 

I n  the  second dehydration attempt,  s u b j e c t s  were forced t o  d iurese  

with the  adminis t ra t ion  of hydrochlor thiazide over a four-day per iod.  

Subjects  would be  expected t o  l o s e  s i g n i f i c a n t  amounts of f l u i d  and s a l t ,  

with t h e  ultimate state of dehydration being dependent upon subsequent 

i n t ake  of f l u i d  and sa l t .  I n  t h i s  study sub jec t s  were allowed f r e e  access 

t o  f l u i d s  and given a l i b e r a l  sodium in t ake  of 200 meq/24 h r s .  

an t i c ipa t ed  t h a t  an i n i t i a l  rap id  d i u r e s i s  would lead t o  a shr inking  of 

t he  body f l u i d  volume, s t imu la t e  t h i r s t  cen te r s ,  and prompt t h e  sub jec t s  

t o  rehydrate  themselves. I n  t h i s  way the  sub jec t s  would l i m i t  the 

shrinkage of t h e i r  vascular and t o t a l  f l u i d  volumes and prevent s i g n i f i c a n t  

dehydration from continuing. Subjects  d id  l o s e  an average of 1600 gms. 

during the  f i r s t  day of d i u r e t i c  adminis t ra t ion ,  but  they increased 

t h e i r  f l u i d  in t ake  s i g n i f i c a n t l y  t o  compensate p a r t i a l l y  f o r  t h e  ur inary  

lo s ses  i n  the  following days. During the  l as t  2 days of d i u r e s i s ,  serum 

osmolarity s t a b i l i z e d  a t  291 m O s m / l  and serum e l e c t r o l y t e s  remained within 

t h e  normal range. 

c lose  t o  con t ro l  values, demonstrating t h a t  ur inary  concentrat ion w a s  

not  excessive.  

It w a s  

The u r ine  S.G. of 1.016 with an osmolarity of 695 were 
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During t h i s  t i m e ,  the  rate of sk in  in sens ib l e  water l o s s  d i d  no t  vary 

from con t ro l  levels. Despite the  f a c t  t h a t  sub jec t s  l o s t  some weight 

and showed a mild degree of i s o t o n i c  dehydration, sk in  water l o s s  rates 

did not  change. 

I n  consider ing the  profound e f f e c t s  of both hypotonic overhydration 

and hypertonic  dehydration on the  rates of s k i n  in sens ib l e  water l o s s ,  

the  ques t ion  immediately arises as t o  the  mechanism of t h i s  apparent ly  

phys io logica l  cont ro l '  over water loss. I f  one were t o  implicate  a 

hormonal substance,  t he  most l i k e l y  suspect  would be a n t i d i u r e t i c  hormone 

o r  ADH, an agent which plays a major r o l e  i n  water t r anspor t  through the 

kidneys. As  mentioned above, t h i s  substance has a l s o  been shown t o  a l te r  

rates of water d i f fus ion  through i s o l a t e d  amphibian and dog skin.  

On the  o the r  hand, one could hypothesize t h a t  t h e  a f f e c t  of f l u i d  

load o r  dehydration on IWLs i s  purely a mechanical o r  phys ica l  one. 

I n  t h e  overhydrated state,  two th ings  might occur: F i r s t ,  t he re  might 

be more f r e e  water ava i l ab le  around the  cel ls  of t he  upper dermis and deep 

epidermis so  t h a t  s k i n  "we t  tedness" would be  g r e a t e r  and d i f  fus.iona1 fo rces  

higher;  and secondly, an increased  s k i n  turgor  might open up microscopic 

s k i n  fo lds  and su r face  f ea tu res  en larg ing  the t o t a l  su r f ace  area of the  

sk in  t h a t  i s  ava i l ab le  f o r  d i f fus ion ,  

Conversely, when the  sub jec t  i s  s i g n i f i c a n t l y  dehydrated, t h e  supply 

of free water i n  the  dermis and lower epidermis may diminish,  reducing 

the  "wettedness" of t h e  s k i n  and reducing the amount of water ava i l ab le  

f o r  d i f f u s i o n ,  Secondly, with dehydration and diminished s k i n  turgor ,  
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microscopic s k i n  f o l d s  w i l l  i nc rease  and t h e  t o t a l  s k i n  su r face  area 

exposed t o  the  environment w i l l  diminish,  f u r t h e r  l i m i t i n g  water d i f fus ion .  

During t h e  adminis t ra t ion  of o r a l  f l u i d s  and of o r a l  p lus  I . V .  f l u i d s ,  

ne would expe l a t i n g  l e v e l s  of ADH i n  t h e  eliperi sub3 ect s 

t o  be minimal. ADH release is shu t  of f  by expansion of t h e  vascular  

volume ( t a b l e  V I ) .  The observed inc rease  i n  IWLs under these  condi t ions 

should,  t he re fo re ,  b e  accompanied by a reduced l e v e l  of ADH. During t h e  

phase of d i aphore t i c  dehydration wi th  a marked cont rac t ion  of f l u i d  volume, 

one would expect ADH l e v e l s  t o  b e  high o r  maximal. The decreased rate 

of IWLs observed i n  t h i s  s t a t e  should then  b e  accompanied by very high 

levels of c i r c u l a t i n g  ADH. 

Urine and serum chemistr ies  observed i n  these  s tud ie s  lend support  

t o  t h e  hypotheses t h a t  ADH levels are low i n  t h e  f i r s t  case and high i n  

t h e  second. When a d i u r e s i s  is forced by t h e  use  of d i u r e t i c s ,  one would 

expect an i n i t i a l  rise i n  ADH l e v e l s  as f l u i d  volume con t r ac t s .  A s  one 

dr inks  and consumes sa l t  t o  a t tempt  t o  compensate f o r  t h e  increased r e n a l  

l o s s e s ,  ADH production may then f a l l .  A s  long as the  subjec t  maintains  

a d e f i c i t  i n  h i s  o r a l  i n t ake ,  however, t he re  should be a continued, but  s m a l l ,  

s t imulus t o  ADH production. I n  t h i s  s tudy,  rates of s k i n  water l o s s  were 

normal d e s p i t e  t h e  f a c t  t h a t  one would expect some e leva t ion  i n  ADH 

production. 

A s  a f u r t h e r  test of t h e  r e l a t i o n s h i p  of ADH l e v e l s  t o  t h e  rates of 

s k i n  in sens ib l e  water l o s s ,  i t  w a s  then decided t o  overhydrate 

and adminis ter  exogenous ADH ( i . e .  P i t r e s s i n )  simultaneously.  

t he  s u b j e c t s  

One would 
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then have the  condi t ion where endogenous ADH production would normally be 

shu t  of f  by t h e  l a r g e  f l u i d  load while  P i t r e s s i n  would be suppl ied exogenously 

( t a b l e  VI) .  

low levels of ADH then the  adminis t ra t ion  of P i t r e s s i n  here  should abol i sh  

o r  a t  least diminish the  response of IWLS rates t o  a f l u i d  load.  

Correspondingly, s i n c e  diminished rates of IWLs had been assoc ia ted  w i t n  

phys io logica l  s ta tes  i n  which ADH l e v e l s  were very high,  one might even 

expect a lower-than-normal ra te  of IWLs with t h e  adminis t ra t ion  of 

I f ,  indeed, increases  i n  IWLs are d i r e c t l y  r e l a t e d  t o  very 

P i t r e s s i n  even though t h e  sub jec t s  were overhydrated. 

When P i t r e s s i n  was administered t o  t h e  overhydrated s u b j e c t s ,  a 

s i g n i f i c a n t l y  increased ra te  of s k i n  in sens ib l e  water l o s s  s t i l l  occurred 

( f i g .  1 ) .  This ra te  d id  not  d i f f e r  s t a t i s t i c a l l y  from t h e  ra te  obtained 

i n  t h e  same sub jec t s  when overhydrated without exogenous P i t r e s s i n .  This 

r e s u l t  would appear t o  lend support  t o  t he  idea  t h a t  phys io logica l  ADH 

levels do not  play a prominent r o l e  i n  determining rates of skin water l o s s .  

Whether o ther  c i r c u l a t i n g  substances are involved, o r  t h e  e f f e c t s  of 

hydrat ion are purely phys ica l  and mechanical w i l l  r equ i r e  f u r t h e r  

i nves t iga t ion .  

The r o l e  of t h e  pe r iphe ra l  vascu la tu re  i n  t h e  determination of IWLs 

rates has  long been interwoven wi th  t h e  e f f e c t s  of sk in  temperature. 

S ign i f i can t  vasocons t r ic t ion  and vasod i l a t a t ion  i n  the  dermis w i l l  a l ter  

s k i n  temperature and may o r  may not  a l ter  t h e  ra te  of s k i n  water l o s s .  

Most of t h e  s tud ie s  reported i n  t h e  l i t e r a t u r e  

capsule  technique and t h e  l o c a l  app l i ca t ion  of 

‘nave been based on t h e  s k i n  

pharmacologically a c t i v e  
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substances t o  the  skin.  I n  t h e i r  most recent  study Grice and Bet t ley (23) 

conf inned the observations of Pinson (2) t h a t  vasoconstric&on and 

vasod i l a t a t ion  had no s i g n i f i c a n t  e f f e c t  upon sk in  insens ib le  water l o s s  

even though changes i n  s k i n  temperature did take  place.  

The f indings of t h i s  study agree with those r e s u l t s .  Following 

adminis t ra t ion of t o l azo l ine ,  evidence of per iphera l  vasodi la ta t ion  

appeared i n  the  form of mild sub jec t  f lush ing  and a lo C. r i s e  i n  average 

sk in  temperature. Despite t he  sk in  temperature changes, no s i g n i f i c a n t  

change i n  the  r a t e  of sk in  water l o s s  i n  any of the  6 test sub jec t s  was 

observed ( f ig .  1 ) .  These r e s u l t s  lend support  t o  the  hypothesis of 

P e i s s  (7) and o thers  t h a t  small  rises i n  s k i n  temperature increase  the 

vapor pressure of water i n  the s k i n  but a l s o  decreases the  r e l a t i v e  

hydration of the s k i n  o r  i t s  ' ' r e l a t ive  humidity." The opposing e f f e c t s  

of t hese  two ac t ions  r e s u l t  i n  l i t t l e  o r  no change i n  the  a c t u a l  rate of 

sk in  water l o s s .  

t ha t  extreme a l t e r a t i o n s  of sk in  temperature r e s u l t ,  then the  s i t u a t i o n  

becomes more complicated, 

the ac t iva t ion  of eccr ine glands; a t  the same t i m e  sk in  temperature 

changes may be s o  g r e a t  t h a t  changes i n  sk in  water vapor pressure overwhelm 

smaller  changes i n  sk in  hydrat ion o r  v i ce  versa .  With these major vascular  

changes, then, s i g n i f i c a n t  a l t e r a t i o n s  i n  Ins r a t e s  w i l l  c e r t a in ly  occur, 

When changes i n  t h e  per iphera l  c i r c u l a t i o n  are such 

Autonomic a c t i v i t y  may i n c r e p e  and Lead t o  

The question of adaptat ion o r  acc l imat iza t ion  i n  the  cont ro l  

mechanism of sk in  in sens ib l e  water loss is  an in t r igu ing  one, Such 

phenomena ce r t a in ly  occur i n  o the r  bodily responses which a re  under 
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physiological control, i.e., sweating and cold tolerance. 

responsive to thermal and other environmental stimuli, might behave in a 

IWLs, being 

parallel manner. 

No evidence of acclimatization or adaptation was observed, however, 

in these studies. During the subjects' exposure to the high temperature, 

low humidity environment, there was little change in total skin water 

loss over the 6 days (fig, 2). When subjects were reintroduced to a normal 

or non-sweat environment, the rate of skin water loss fell rapidly to con- 

trol levels. An initial high reading shortly after the beginning of the 

recovery period was probably related to residual water left on the skin 

from sweating in the just-evacuated uncomfortable environment. After 

24 hours, the subjects' response to the control environment was in no 

way altered by his exposure to the high temperature, low humidity environ- 

ment, and rates of IWLs were similar to earlier control values. 

Thus, neither peripheral vascular changes nor acclimatization 

procedures exerted any significant effect upon rates of skin insensible 

water loss. In both cases, an attempt to induce physiological changes 

in the skin or in the skin-air interface that would alter rates of skin 

water loss was not successful. 

In the case of major shifts in body fluid, a definite alteration in 

rate of skin insensible water loss was demonstrated; with both over- 

hydration and dehydration, IWLs rates could be changed as much as 30%. 

Whether this phenomenon represents a truly physiological adjustment, 

however, remains quite doubtful. There is some evidence that ADH levels 
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are not important to the changes i n  IWLso and i t  is possible to explain 

the changes in water loss rate on a purely physical or mechanical basis. 

Increases or decreases in  dermal and epidermal f l u i d  can change tissue 

turgor and passively influence the diffusion of water from the skinb 
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LEGENDS 

Fig. 1 Influence of phys io logica l  changes upon rates of s k i n  i n s e n s i b l e  
water l o s s .  Means and ind i f ldua l  i n s e n s i b l e  water l o s s  values 
are given f o r  6 sub jec t s  

Fig. 2 Influence of p r i o r  exposure t o  e leva ted  temperature upon rates of 
s k i n  i n s e n s i b l e  water loss. Mean and ind iv idua l  i n s e n s i b l e  water 
l o s s  values are given at  two d i f f e r e n t  tempergtuxes and water vapor 
pressures.  Ind iv idua l s  showing s e n s i b l e  water l o s s  at 30.50 C were 
not included. 

Relationship of s e n s i b l e  $ntake/svtput and u r ine  and serum chemis t r ies  
co l l ec t ed  on 6 sub jec t s  exposed t o  e$ght d i f f e r e n t  experimental 
conditions a t  240 C and 6 .5  m. Hg PH 0. (1) Normal hydrat ion 
( con t ro l )  , (2) o r a l  overhydration, ( 3 j  o r a l  + I V  overhydration, 
(4) dehydration (pos t-diaphoresiq) , ( 5 )  pharamacologic d i u r e s i s ,  
(6) per iphe ra l  vasod i l a t ion ,  (7) o r g l  overhydrat ion without P i t r e s s i n ,  
and ( 8 )  o r a l  overhydration w$th P i t r e s s i n .  

Fig, 3 
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AI?P END1 X 

Sl-JMNARY OF EFFECT OF STATE OF HYDRATION ON 
SIGN/SYMPTOM DEVELOPMENT 

I INTRODUCTION 

An exhaust ive and d e t a i l e d  account of sub jec t  s i g n  and symptom 

development during exposure t o  varying environmental parameters w a s  

presented i n  an earlier series of experiments (1). 

t h e  rate of development and t h e  u l t ima te  s e v e r i t y  of s igns  and symp- 

toms r e l a t e d  t o  t h e  environment were c lose ly  dependent upon Ta, PHZO 

and PB, wi th  some dependence upon t h e  composition of t h e  gas being 

used. A t  ground level pressures ,  s i g n s  and symptoms increased r ap id ly  

only a f t e r  exposure t o  a PH 

occurr ing i n  t h e  temperature range of 2 4 O  t o  28' C. 

It w a s  shown t h a t  

lower than 6.5 mm. Hg, wi th  l i t t l e  change 20 

Since t h e  present  series of s t u d i e s  were designed t o  vary t h e  physiol-  

og ic  s t a t u s  under constant  environmental condi t ions ,  PB, P H ~ O  and Ta 

w e r e  maintained a t  a level t h a t  would not  b e  expected t o  cause pro- 

gress ive  o r  severe s i g n  and symptom development i n  t h e  experimental  

s u b j e c t s .  It w a s  considered necessary,  however, t o  follow s i g n  and 

symptom development during t h i s  s tudy t o  i n s u r e  t h e  h e a l t h ,  comfort, 

and performance of t h e  sub jec t s .  

11, METHODS 

All of t h e  experimental  s u b j e c t s  w e r e  t r a i n e d  t o  eva lua te  t h e i r  own 

symptoms and t o  d e t e c t  and eva lua te  s i g n s  i n  o the r  sub jec t s .  They w e r e  

f ami l i a r i zed  wi th  t h e  s igns  and symptoms which might develop throughout 

t he  course of t h e  s tudy and were given p r a c t i c e  i n  eva lua t ing  and grad- 

ing  them by use  of s u b j e c t i v e  and ob jec t ive  eva lua t ion  s h e e t s  which 
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were provided ( t a b l e  A I ) .  Before each experiment, a sub jec t  would eval- 

ua t e  himself by t h e  Subjec t ive  Evaluat ion Sheet and would then eva lua te  

a s p e c i f i c  pa r tne r  w i th  t h e  Object ive Evaluat ion Sheet. Upon en te r ing  

t h e  chamber, and a t  s p e c i f i c  i n t e r v a l s  throughout t h e  s tudy,  t hese  sub- 

ject ive and ob jec t ive  eva lua t ions  would be  ca r r i ed  out .  The s u b j e c t s  

made f i n a l  eva lua t ions  immediately upon leaving  the  chamber. 

During t h e  f i r s t  8 hours of an experiment, sub jec t ive  eva lua t ions  

were conducted hourly and ob jec t ive  eva lua t ions  every 2 hours.  Af te r  

8 hours ,  sub jec t ive  eva lua t ions  w e r e  conducted a t  2 hour i n t e r v a l s  and 

o b j e c t i v e  eva lua t ions  a t  4 hour i n t e r v a l s  (except when sub jec t s  were 

s leeping) .  Evaluations w e r e  u sua l ly  programmed t o  occur both imme- 

d i a t e l y  before  and immediately a f t e r  a s l e e p  period. 

During t h e  s tudy  a l l  sub jec t s  were allowed only mild a c t i v i t y  and 

were provided wi th  t e l e v i s i o n ,  r a d i o ,  games, reading and w r i t i n g  mater- 

i a l  * 

111. RESULTS 

The mean ob jec t ive  and s u b j e c t i v e  eva lua t ion ,  along with t h e  maxi- 

mum range wi th in  any one ind iv idua l ,  are shown i n  t ab le s  AI1 and AI11 

f o r  e leven d i f f e r e n t  experimental  condi t ions.  As expected, t h e  en- 

vironmental  condi t ions s e l e c t e d  f o r  t h e  s tudy caused l i t t l e  change i n  

s ign  and symptom development, However, exposure t o  t h e  3 3 O  C. temper- 

a t u r e  p r i o r  t o  experiment 114 ( t a b l e  AII) did  produce a s i g n i f i c a n t  

i nc rease  i n  t h e  s e v e r i t y  of s i g n s  and symptoms with a r e s i d u a l  e f f e c t  

remaining throughout t he  24 hour pos t  d i aphore t i c  per iod,  An increas-  
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i ng  t r end  i n ' s i g n s  and symptom development can a l s o  be noted during 

exposure t o  30.5O C. ( t a b l e  A I I I ) .  

In a summary of a l l  experiments, t h e r e  w a s  no s i g n i f i c a n t  t rend  i n  

t h e  frequency and s e v e r i t y  of symptom development i n  each of t h e  anatom- 

ical  areas o r  ca t egor i e s  

followed c l o s e l y ,  and i n  decreas ing  o rde r ,  by t h e  "Skin," "Nose," 

The "Lips," w e r e  most f requent ly  involved 

"Eyes I t  "Scalp, "Pharynx "Tongue, I' "Mouth, and "General. There 

w a s  a s t r i k i n g  d i f f e r e n c e  i n  t h e  frequency and s e v e r i t y  of s i g n  develop- 

ment. The "Eyes'' w e r e  most f r equen t ly  involved followed i n  order  by 

"Scalp 9 1 '  "Lips ,'I "Nose ," "Skin," 'I Tongue, 'I "Pharynx 

"General." The s u b j e c t i v e  (symptom) eva lua t ion  w a s  considered t o  be t h e  

more s e n s i t i v e  index of t h e  response t o  t h e  varying experimental condi- 

t ions.  

"Mouth, and 

IV. SUMMARY 

I n  summary, l i t t l e  change w a s  noted i n  t h e  frequency o r  s e v e r i t y  

of s i g n  and symptom development throughout t h i s  series of s t u d i e s .  A t  

t he  h igher  temperatures t h e r e  w a s ,  as might be  expected, an inc reas ing  

trend toward discomfort and performance decrement, with temperatures i n  

t h e  area of 30° C .  being bo rde r l ine ,  

wi th  t h e i r  poss ib l e  e f f e c t s  on sub jec t  comfort and performance, should 

always be c r i t i c a l l y  followed i n  any study involved with t h e  e f f e c t s  of 

varying environmental and physiologic  stresses on man. 

Sign and symptom development, 
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TABLE A - I  I 
OBJECTIVE AN0 SUBJECTIVE EVALUATION OF THE 

Exp #1 
Normal Hydration 
(Control 1 

Objective 
Subjective 

Exp #2 
Oral 
Overhydration 

Objective 
Subjective 

Exp #3 
Oral + I V  
Overhydration 

Objective 
Subjective 

Exp #4 
Dehydration 
(Post Diaphoresis) 

Objective 
Subjective 

harmacologic 

Objective 
Subjective 

Exp #5 

g iuresis 

Exp #6 
Peripheral 
Vasodilatation 

Objective 
Subjective 

Oral Overhydration 
wlo Pitressin 

Objective 
Subjective 

Oral Overhydration 
w i th  Pi t ressin 

Objective 
Subjective 

Exp #70b 

Exp #8*" 

2.0(1-5)* 
1.3(1-31 

2.7(1-4) 
1.2(1-3) 

2.9(1-4) 
1.4(1-3) 

4.2(2-5) 
1.5(1-2) 

3.5(1-5) 
1.2(1-3) 

3.6(1-5) 
1.2(1-3) 

l . O ( O )  
1.1(1-2) 

2.911-5) 
l.4(1-2) 

1.2(1-2) 
1.4(1-3) 

1.2(0) 
1 .N-3)  

1.4(1-4) 
1.1(1-4) 

1.6(1-3) 
1.5(1-2) 

l.O(O) 
1.m-2) 

1.2(0) 
1.4(1-4) 

1.3(0) 
l.O(O) 

l.O(O) 
1.1(1-3) 

1.211-2) 
1.4(1-2) 

1.2(1-2) 
1.m-2) 

1.3(1-2) 
1.3(1-3) 

2.8(2-41 
2.8(2-6) 

1.4(1-2) 
1.5(1-3) 

2.1(1-3) 
2.4(1-5) 

l.O(O) 
l.O(O1 

1.6(1-3) 
1.7(1-3) 

1.N-3) 
1.1(1-3) 

1.1(1-3) 
l .O(O) 

l .O(O) 
1.0(1-2) 

2.8(1-2) 
3.5(2-6) 

l.O(O) 
1.0(1-3) 

1.1(1-3) 
l.O(O) 

l.O(O) 
l .O(O) 

l .O(O) 
1.010) 

1 .w-2)  
1.N-3) 

l.O(O) 
l.O(O) 

l .O(O) 
1.0(1-2) 

2.5(1-3) 
3.1(2-4) 

l.O(O) 
1.0(1-3) 

l.O(O) 
l.O(O) 

l.O(O) 
l.O(O) 

1.0(1-2) 
1.0(1-2) 

1.M-2) 
1 .N-3)  

1 .m-2)  
l.O(O) 

1.0(0) 
1.0(1-2) 

2.6(1-3) 
2.9(2-4) 

1.1(1-2) 
l.l(l-3) 

1.2(0) 
1.M-3) 

l .O(O) 
l .O(O) 

l .O(O) 
l.O(O) 

1.m-2) 
1 .m-2)  

1.8(1-2) 
1.m-2) 

1.7(0) 
l.l(l-2K 

2.6(2-3) 
1.7(1-3) 

1.8(1-2) 
1 .m-2)  

1.8(0) 
1.5(1-3) 

1.6(0) 
1.0(0) 

2.3(2-3) 
l.O(O) 

1.31-2) 
1.3(1-2) 

1.3(1-2) 
1.4(1-2) 

1 .m-2)  
1.4(1-2) 

1.4(1-2) 
1.7(0) 

1 .N-2)  
1.1(0) 

1.4(1-2) 
1.8(0) 

1.010) 
1.3(01 

2.N-3) 
2.1(2-3) 

1.010) 
l .O(O) 

l.O(O) 
l.O(O) 

l.O(O) 
l .O(O) 

1.0(1-2) 
1.6(1-3) 

1.0(0) 
l .O(O) 

1.0(0) 
1.0(0) 

l .O(O) 
1.0(0) 

l .O(O) 
l.O(O) 

* - Subject mean and ma 

** - Subjects A, B, C only. 

*** - Subjects 0, E, F only. 
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